SUMMARY We have examined the relation between electrocardiographic ST elevation during treadmill exercise ( 31 mm, using the conventional 12 leads), the severity of coronary artery disease, and left ventricular wall motion abnormalities in 680 patients. They were divided into three groups: (1) 218 patients without clinically significant coronary artery disease, (2) 178 patients with clinically significant coronary artery disease, and (3) 284 patients with clinically significant coronary artery disease and previous myocardial infarction. ST elevation during exercise (predominantly in lead V2) was seen in two patients (1%) in group 1, three patients (2%) in group 2, and 147 patients (52%) in group 3. Coronary artery disease (number of vessels involved and severity of stenoses) was comparable in groups 2 and 3. All the patients in group 1 showed a normal left ventricular contraction pattern; 64% of the patients in group 2 showed wall motion abnormalities (predominantly hypokinesia) and 95% of group 3 (mainly akinesia, dyskinesia, or aneurysm). A strongly positive correlation was seen between the ST elevation and left ventricular dysfunction in patients belonging to group 3. The overall sensitivity and the specificity of the stress test in detecting wall motion abnormalities was 55% and 100% respectively. The sensitivity increased with deterioration in left ventricular function, reaching 81% and 90% in patients with dyskinesia and aneurysm, respectively. Maximal ST elevation (>3 mm) was confined to the patients with dyskinesia or aneurysm. The incidence of ST elevation during exercise was also related to the location of previous infarction, showing a positive response in 85% of patients with anterior myocardial infarction and in only 33% with inferior myocardial infarction. We conclude that ST segment elevation during exercise in patients with previous myocardial infarction is a sensitive and a specific indicator of advanced left ventricular asynergy.
Exercise-induced ST segment elevation contraction pattern, and the severity of coronary artery disease in a comparatively large group of patients with and without previous myocardial infarction.
Patients and methods

PATIENTS
Records from consecutive patients admitted to our institution from 1974 to 1979 were reviewed to find those satisfying the following criteria: (1) technically statisfactory coronary arteriographic and left ventriculographic studies; (2) technically adequate exercise test performed within seven days of the invasive studies; (3) no evidence of congenital heart disease, valvular heart disease, or unstable angina; (4) In these studies the multistage principle of uninterrupted maximal or submaximal exercise on a motor-driven treadmill was employed following the procedure described by Bruce et al. 21 The electrocardiogram was monitored continuously and recorded from adhesive disc electrodes applied to locations corresponding to conventional 12 lead standard electrocardiogram with the modification of transferring the limb leads to the appropriate places on the trunk. The leads were calibrated externally (1 mm=0 1 mV) and recorded on a 6-channel direct writing recorder ( (Table 3) ST elevation was seen in three patients only in this group. One of the three patients showed anterior wall dyskinesia on the ventriculogram together with subtotal obstruction of the left anterior desGending artery; one showed segmental hypokinesia, and in the third patient the left ventricular contraction pattern was normal.
(c) Group 3 (Table 3) ST elevation was present in 52 % of the infarction group. In view of the positive correlation between the ST elevation and wall motion abnormalities in patients with previous myocardial infarction, the sensitivity of the exercise test in the detebction of left ventricular dysfunction was determined. (Table 4) Inferior wall infarction (Q in II, III, aVF) was seen in 94 patients, anterior wall infarction (Q in I, aVL, V1-V6) in 112 patients, and combined anterior/ inferior (Q in both anterior and inferior leads) in 20 patients. At the time of investigation, 58 patients did not show electrocardiographic abnormalities consistent with previous infarction. In this group, 38 patients had sustained subendocardial infarction (T wave changes accompanied by unequivocal enzyme changes) while in 20 patients the pathological Q had disappeared in the course of time. The sensitivity of the exercise test in detecting wall motion abnormalities was highest in patients with anterior infarction.
We also looked at the relation between the development of ST elevation and the time which had elapsed after acute myocardial infarction. The patients were divided into two groups: 175 patients investigated within one year of myocardial infarction and 109 patients catheterised more than a year after infarction. The distribution patterns of left ventricular dysfunction and coronary artery disease were not significantly different in the two groups. The prevalence of ST elevation in the first group was 88/175 (50%), the sensitivity 53% (88/166), and the specificity 100% (9/9). In the second group the prevalence was 59/109 (54%), the sensitivity 56% (59/106), and the specificity 100% (3/3). These differences were not statistically significant. RELATION (Fig. 4) The relation between the height of the ST elevation in any lead examined and the severity of myocardial LLPA-v2A
Lj'VFt~~6JW J& functional abnormality of the left ventricle produced by infarction, the more frequently the abnormal electrocardiographic response was observed. Furthermore, the patients with mild left ventricular wall motion disturbances in the group with infarction developed ST elevation more readily than those with a similar severity of left ventricular dysfunction in the group without infarction. In previous studies'7 18 27 using an exercise procedure similar to ours, ST segment elevation was reported in 14 to 510% of patients after myocardial infarction. Since the two groups had coronary artery disease of similar severity it appears that severe myocardial ischaemia per se does not commonly manifest itself by elevation of the ST segment. Collateral support for this concept is also provided by the low incidence of chest pain during exercise tests in patients with effort-induced ST elevation. 14 patients with ST elevation alone stopped because of pain. The incidence of pain almost doubled in patients who showed concomitant ST depression. The conclusions drawn by these authors confirm our own observations that the development of ST elevation during exercise in patients after myocardial infarction was probably the result of mechanical dysfunction of the left ventricle.
A good deal of evidence has also been presented implying that the transient ST elevation observed during exercise indicates a severe and unstable form of myocardial ischaemia. Based on studies in 12 such patients, Fortuin and Friesinger9 suggested that the electrocardiographic response was characteristically similar to that seen in various experimental situations where the appropriate artery was either ligated or totally obstructed. There is no doubt that typical ST elevation seen in an acute experimental or clinical setting is produced by the sudden onset of ischaemia and anoxia of the myocardium. If a similar mechanism were operative in patients who developed ST elevation only on effort, however, we should have seen this response far more frequently than it has been described in most of the large-scale studies, including ours. Furthermore, in eight of the 12 patients of Fortuin and Friesinger ST elevation was seen at the site of the previous infarction, yet no mention is made of the left ventricular angiographic findings. Bobba et al.28 described four patients with exerciseinduced ST elevation without commenting on left ventricular angiographic data. Two of the patients in this series had abnormalities consistent with a diagnosis of variant angina. Hegge et al. '9 found 18 in a group of 158 patients who developed ST elevation on exercise. Nine of the patients also showed electrocardiographic changes consistent with previous myocardial infarction. The authors did not mention whether more than one criterion was used to exclude previous infarction. It is possible that some of these patients had sustained infarction in the past without showing compatible electrocardiographic changes at the time of exercise testing (cf. our observations). Moreover, in this study yet again left ventricular angiographic data were not given.
In a comparatively large study reported recently 
